Hermaphroditic plants experience inbreeding through both self-fertilization and bi-parental inbreeding. Therefore, many plant species have evolved either heteromorphic (morphology-based) or homomorphic (molecular-based) self-incompatibility (SI) systems.
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Simulation 156 We developed a spatially-explicit, individual-based simulation to model discrete generations of self-157 incompatible plant populations. In the simulation, populations inhabit a toroidal lattice where each cell is 158 occupied by a single, hermaphroditic individual. The plants are diploid and have several independently 159 assorting genetic loci. 160 Although in plants the S locus has multiple, tightly linked genes, in our simulations we treated it 161 as a single gene, with multiple haplotypes. Typically, the formation of novel functional S haplotypes 162 through mutation is rare because it requires coordination between the genes controlling both the pollen 163 and the stigma; a mutation in just one component will result in the breakdown of self-incompatibility 164 (Charlesworth and Charlesworth, 1979; Uyenoyama et al., 2001; Igic et al., 2008) . Therefore, in the 165 simulation, we keep the mutation rate at the S locus low (µ s = 10 −5 ) and each mutation results in a 166 completely new S haplotype according to the infinite alleles mutation model. We did not allow mutations 167 that would result in the breakdown of SI. 168 The marker locus, M, is used to measure the amount of inbreeding in the population. The alleles at 169 the M locus are all selectively neutral and mutate at rate µ m = 10 −4 under the infinite alleles model. The
170
higher mutation rate at the M locus maintains polymorphism which aids in the estimation of inbreeding.
171
In the initial population, each S and M allele is unique and the simulation must run for a burn-in period to 172 reach a drift-mutation equilibrium.
173
Each individual also carries a total of 10 independent deleterious loci (D 1 , D 2 , . . . , D 10 ) that are not 174 linked to each other or to any other locus. Each D locus carries either a wild-type allele or a recessive 175 deleterious allele. In the initial population, all individuals carry wild-type alleles that will permanently 176 mutate into a deleterious allele at rate µ d = 0.1; this results in a genome-wide recessive mutation rate 177 that is close to 1. Each homozygous recessive genotype at a D locus increases the probability that an 178 individual will be sterile by 0.005. Individually, these alleles are only slightly deleterious and thus are 179 more likely to be maintained in the population; in combination, they should produce an appreciable 180 number of sterile individuals. Affected individuals are viable but are unable to produce pollen or seed.
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Typically, the probability that a deleterious mutation occurs at a single locus is rare, but the probability of 182 a deleterious mutation occurring across the whole genome is high. Therefore, to maintain a large enough 183 penalty for inbreeding, we used a high mutation rate at each D locus so that, on average, there would be 184 one new deleterious mutation per haplotype.
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At the beginning of each generation, fertile parent plants produce gametes -10 pollen grains and 186 5 ovules -through the independent assortment of loci. Pollen grains are dispersed from the parent's 187 location according to a normal distribution along each axis with standard deviation σ . Incoming pollen 188 is checked for compatibility with the plant in the new location based on the rules of the designated SI 189 system. If compatible, the pollen is randomly assigned to an ovule; otherwise it is discarded. When pollen 190 dispersal is complete, some ovules will remain unfertilized while other ovules will have a pool of pollen 191 from which one pollen grain will be randomly chosen. Unfertilized ovules will be aborted and fertilized 192 ovules will form seeds. Seeds are then dispersed from the parent's location in the same way as the pollen.
To test this, we compared the amount of inbreeding in simulations with various dispersal distance 261 parameters for pollen and seed. Figure 4 shows pairwise comparisons of the level of homozygosity 262 and autozygosity in each SI system with a range of dispersal distance parameters. Homozygosity was 263 significantly higher when isolation-by-distance was strongest but there was no difference between the 264 different SI systems. When isolation-by-distance was strongest (σ = 1), autozygosity was significantly 265 different between all of the SI systems except BSI and GSI. The median autozygosity was highest for 266 PSI, lowest for SSI, and BSI and GSI were tied in the middle. When isolation-by-distance was weak 267 (σ = 6), autozygosity was not significantly different between BSI, GSI, and SSI but each of these were 268 still significantly different from PSI. The median autozygosity at σ = 6 was 0 for each SI system and the 269 average autozygosity was 0.0011 for PSI, 0.0007 for GSI, 0.0008 for BSI, and 0.0006 for SSI. Overall, we 270 observed a greater decrease in the median autozygosity levels, in both absolute and relative differences, 271 between PSI and the homomorphic SI simulations when isolation-by-distance was stronger. The expected mean-squared parent-offspring dispersal distances were 1.5, 6, 24, and 54 for dispersal 291 parameters 1, 2, 4, and 6, respectively. The observed s 2 values were slightly higher across all simulations 292 but the relative difference was much greater when isolation-by-distance was strong. The s 2 values were 293 not significantly different between the different SI systems when σ = 2, 4, and 6, but when σ = 1, the 294 SSI simulation had significantly higher effective dispersal than GSI and PSI.
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In the homomorphic SI systems, high diversity is maintained at the S locus. The SSI system maintained 296 the largest number of S alleles followed by the GSI system then the BSI system. Few alleles were 297 maintained at the S locus in the PSI system because the S allele was not active, essentially behaving 
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Homomorphic SI systems seem to provide only a small bi-parental inbreeding avoidance advantage 372 at the expense of reduced fecundity. Despite that, homomorphic SI systems have evolved a number 373 of times in angiosperms so there is likely beneficial features outside of inbreeding avoidance that may 374 explain why these systems evolved in place of heteromorphic SI in many cases. The heteromorphic 375 system that we simulated was designed to simply provide a baseline level of inbreeding that occurred 376 when self-fertilization is prevented and it was not intended to be a realistic representation of a natural 377 heteromorphic SI system. Therefore, we cannot make any meaningful comparisons between our simulated 378 heteromorphic and homomorphic SI systems for characteristics other than inbreeding. Nonetheless, we 379 can propose several reasons why homomorphic SI may be more beneficial in certain situations. One Table 1 . Seed set and population size is reduced when the SI system is more stringent. The table provides the medians for the number of individuals (N), the number of sterile individuals, the seed set, the mean squared parent-offspring dispersal distance (s 2 ), the number of unique M alleles, and the number of unique S alleles for simulations with different SI systems and different dispersal parameters (σ ). The maximum possible number of individuals in the population is 10,000 and the maximum number of seeds is 50,000. 0.0260 0.0340 0.0200 0.0260 0.0100 0.0040 0.0080 0.0020 0.0080 0.0000 0.0020 0.0020 0.0000 0.0000 0.0000 0.0000 Figure 4 . Bi-parental inbreeding avoidance in homomorphic SI systems was greater when isolation-by-distance was stronger This plot shows pairwise comparisons for simulations of each SI system at different dispersal levels. The upper (blue) and lower (purple) triangles compare the proportion of homozygotes and autozygotes, respectively, in 500 samples from each simulation. The color of each square indicates whether the two distributions are significantly different (light) or not (dark). The values along the right and top axes are the medians for homozygosity and autozygosity, respectively. The simulations are sorted on both axes by median homozygosity. The simulations included inbreeding depression and were run on a 100 × 100 landscape with pollen and seed dispersal parameters σ = 1, 2, 4, and 6, indicated in the subscript.
